ABSTRACT: Triatomine classification is based on morphological characteristics. Studies have been conducted to improve their identification by observing many characteristics. However, there are problems of differentiating among highly interrelated species and new criteria are required. The purpose of this study was to determine the morphological differences in the external female genitalia of M. pallidipennis, M. longipennis, M. picturatus, M. bassolsae, M. mazzottii, and M. phyllosomus in order to distinguish among species using scanning electron microscopy. Observations were made of the dorsal, posterior, lateral, and ventral views of the female external genitalia for each species. In the six species we studied, relevant differences were observed in the dorsal view of the X segment, as well as the IX, VIII, and VII tergites. In the posterior and lateral view, the most visible differences were registered in the gonocoxite size of the segments VIII, IX, and X. Finally, in the ventral view of the VII sternite, differences among species were observed in the size of the inflection in the top and upper corner. Our results show that it was possible to differentiate among the triatominae species for each of the four views by using a scanning electron microscope to analyze morphological characteristics of the VII, VIII, IX, and X abdomen segments. Journal of Vector Ecology 42 (2): 271-278. 2017.
INTRODUCTION
The triatomines are hematophagous vectors of Trypanosoma cruzi, the etiological agent of Chagas disease. They are mainly found in the Americas and Asia, although the largest species density is widespread in the Americas (Lent and Wygodzinsky 1979 , Cáceres 2005 , Schofield and Galvão 2009 ). There are 32 autochthonous species within eight genera of the subfamily Triatominae reported in Mexico: Dipetalogaster, Eratyrus, Paratriatoma, Panstrongylus, Belminus, Rhodnius, Meccus, and Triatoma (Hypsa et al. 2002 , Galvão et al. 2003 , Schofield and Galvão 2009 , Salazar-Schettino et al. 2010 , Ramsey et al. 2015 .
Triatomine classification is based primarily on morphological characteristics. However, this type of classification has severe problems, mainly in the genus Meccus (Breniere et al. 2003 , Martinez-Hernández et al. 2005 , Araújo et al. 2005 . Thus, research has been aimed at improving and simplifying identification through direct or microscopic observation of several characteristics that include external egg structure, nymphal morphology, and external and internal genitalia. Studies of the external genitalia of the Hemiptera, which was initiated by Singh-Pruthi in 1925, pointed out their complexity and variability (Jurberg et al. 1997) . Pinto (1926) was the first to study the external male genitalia of the Triatominae subfamily, followed by Galliard (1935) who studied the morphology of genitalia in both sexes. The studies by Lent and Jurberg (1982) on the male genitalia contributed to the description of five species of the genus Meccus and highlighted its importance in the taxonomy. Rosa et al. (2010) , emphasized the importance of the external female genitalia for taxonomic identification of Triatomines, studying six South American species. Rosa et al. (2014) proposed the use of female external genitalia as a tool for identifying Rhodnius species.
The purpose of this study was to describe the external female genitalia and segments VII, VIII, IX, and X in six species of the genus Meccus (M. mazzottii, M. longipennis, M. pallidipennis, M. picturatus, M. phyllosomus, and M. bassolsae) using scanning electron microscopy (SEM).
MATERIALS AND METHODS
Samples were obtained from a total of ten female specimens for each species and were examined by SEM for this study. The species included in this study were M. mazzottii, M. longipennis, M. pallidipennis, M. picturatus, M. phyllosomus, and M. bassolsae, and were collected from the triatominae colonies of the Entomology Laboratory, Department of Parasitology, Escuela Nacional de Ciencias Biologicas, Instituto Politecnico Nacional in Mexico City. Each species developed approximately one generation per year. Twice a year, material collected in the original field locality of each species was introduced in the colony to maintain the genetic variability. Information on the origin of each colony is shown in Table 1 .
The colonies were maintained at 28 ± 2° C and 60 ± 2% relative humidity, and each week were fed on rabbits of the New Zealand variety. Triatomines were euthanized and placed in 70% alcohol for two days. The specimens were then transversely cut through the VI abdominal segment, and soft tissue was removed from the internal cavity. The samples were mounted on a sampleholder using two-sided carbon tape and coated in gold for 500 s in a Denton Vacuum DESKII ionizer. The genitalia were observed using a JSM-5800 LV model JEOL® Scanning Electron Microscope, and micrographs were digitally captured using Inter Video MISPVS software. Four views were examined in every case (dorsal, ventral, lateral, and frontal view) .
RESULTS

Dorsal side
Microscopic analysis of the dorsal side of M. mazzottii, M. longipennis, M. pallidipennis, M. picturatus, M. phyllosomus, and M. bassolsae showed a marked difference between VII, VIII, and IX tergites; each had a trapezoidal shape (Figure 1 ). The line separating the IX tergite and X segment was curved and continuous. It had an upward inflection in the central part but was more pronounced with sharp upper angles in M. mazzottii, M. pallidipennis, and M. picturatus, whereas those of the other species were rounded. In M. mazzottii and M. longipennis, the IX tergite demonstrated sharp angles at the bottom, whereas those of the other species were rounded. In M. mazzottii, the base of this segment displayed a small downward inflection ( Figure 1A ,B). The VIII tergite was trapezoidal in the six species. However, we were able to differentiate them into three categories. The first category included only M. mazzottii, showing a downward inflection in the base ( Figure 1A The presence of 1+1 callosities next to the dividing line between the VII and VIII tergites in M. mazzottii, M. picturatus, and M. pallidipennis was particularly important ( Figure 1A ,C,D). The VII tergites in the six species were trapezoidal with sharp upper angles. In M. mazzottii, M. phyllosomus, and M. bassolsae, the upper angles were projected towards the inside, whereas they were projected upward in M. longipennis, M. pallidipennis, and M. picturatus.
Posterior side
On the posterior side of the six species, the IX and X segments were not separated but there was a shallow dividing line. The IX segment had rounded and bulky upper angles. In M. mazzottii and M. longipennis, the segments were projected outward, but they were projected upward in the other species (Figure 2A ,B). The upper face of this segment had an upward inflection in all cases that was most evident in M. mazzottii. The X segment presented a semicircular shape but the upper part was curved in M. longipennis, M. pallidipennis, M. picturatus, and M. phyllosomus ( Figure 2B ,C,D,E).
Finally, the VIII gonocoxites in M. longipennis and M. bassolsae were elongated with bulky upper ends or protuberances but were sharp and rounded in the other species. The VIII gonapophysis were almost triangular but were only visible in M. mazzottii, M. longipennis, and M. pallidipennis; they were larger in M. mazzottii than in M. longipennis or M. pallidipennis (Figure 2 ).
Lateral side
The lateral view demonstrated that the VII segment and Gc8 were separated and well defined. The Gc8 was triangular, but it was thinner in M. phyllosomus and smaller in M. picturatus compared to the other species. The IX segment was rectangular in all of the studied species. The X segment was small and not separated from the IX segment. The Gp8 was elongated, below the X segment, and it was only visible in M. mazzottii, M. longipennis, and M. pallidipennis (Figure 3 ).
Ventral side
The VII sternite had a trapezoidal shape with a downward inflection in the middle of the base that was large and bulky in M. mazzottii as opposed to narrow and flat in M. phyllosomus. The inflection was similar in shape and size in the other species ( Figure  4A ,E). The bottom angles were sharp and directed downward, but they were more sharpened in M. phyllosomus. On the upper side, there was an upward inflection in all species. In M. longipennis and M. phyllosomus it was pronounced and formed a triangle, whereas in M. phyllosomus the apex of the triangle was higher and the angles were rounded, and in M. longipennis the angles were not as sharp ( Figure 4B,E) .
The other species also had this inflexion, but it was smaller. The maximum difference between these species was observed at the upper angles, which were rounded and bulky. They were more evident in M. bassolsae and M. picturatus, but the inflection was not as marked in the latter species ( Figure 4D,F) . In M. mazzottii and M. pallidipennis, these angles were smaller. The upper face of the VII sternite in M. mazzottii and M. picturatus was wider compared to the other species (Figure 4) . The VIII gonocoxitoe showed a triangular shape, except in M. pallidipennis, which was almost rectangular. M. mazzottii and M. picturatus had rounded angles, M. longipennis and M. phyllosomus had sharp angles, and M. pallidipennis were flat. The VIII gonapophysis was also triangular with rounded angles in all of the species and were in contact with the VIII sternite. The IX gonocoxites were only visible in M. mazzottii, M. pallidipennis, M. picturatus, and M. bassolsae ( Figure 5 , Meccus bassolsae Acatlán, Puebla, México 1992 Table 1 . Species, origin, and intiation year of the triatomine colonies used for the characterization of female genitalia. 
M. mazzottii
Base of the VIII segment with downward inflexion.
Callosities 1+1 on the bottom end of the segment.
Base of the VII segment straight with upward inflexion.
The IX segment with top corners projected outward.
The VIII gonocoxite top ends rounded.
The VIII gonapophysis triangular, visible and enlarged.
The VII segment and VIII gonocoxite well defined and separated.
The VIII gonapophysis visible.
Base of the VII segment with bulky, downward inflexion.
The VII segment top corners small.
The VIII gonocoxite bottom corners rounded.
The IX gonocoxite visible.
M. longipennis
Base of the VII segment with upward inflection +++.
Base of the VII segment, straight.
The VIII gonocoxite top end bulky and sharp.
The VIII gonapophysis triangular, and visible.
The VII segment top corners slightly sharpened.
The VIII gonocoxite sharp.
M. pallidipennis
Base of the VIII segment with upward inflection ++ Callosities 1+1 on the bottom end of the segment. 
M. picturatus
Base of the VIII segment with upward inflection+.
Base of the VII segment with upward inflexion.
The IX segment with top corners projected upward.
The VIII gonocoxite with top ends rounded.
The VII segment and VIII gonocoxite well defined and separated
The VIII gonacoxite small and triangular.
The VII segment top corners bulky and sharp +.
The VIII gonocoxite, bottom corners sharp.
The IX gonocoxite apparent.
M. phyllosomus
Base of the VII and VIII segments straight.
The VIII gonacoxite thin and triangular.
Base of the VII segment with downward inflexion flat and narrow.
The VII segment top corners rounded.
The VIII segment gonocoxite, bottom corners sharp.
M. bassolsae
Base of the VIII segment, straight.
Base of the VII segment with upward inflection.
The VIII gonocoxite with top ends bulky and sharp.
The VII segment top corners bulky and rounded ++.
The IX gonocoxite apparent. 
DISCUSSION
The external genitalia provide important taxonomic structures, including useful characteristics for identification at the genus or species level. Male and female genitalia have been used by taxonomists as useful characters for species identification (Gutiérrez 1999) . Several studies indicate that morphological differences observed in genitalia provide significant elements in solving phylogenetic problems (Pilares 1981 , Costa et al. 1997 , Gutiérrez 1999 , Hernández 2000 , Castañeda-Vildózola et al. 2007 , Rosa et al. 2010 . Conversely, differences in external genitalia have an important biological function, such as in reproductive behavior, fertilization of eggs, and semen storage (Hernández 2000) . The external female genitalia have allowed positive identification of 14 Rhodnius species, and it has been used in the description of new species such as R. montenegrensis, with distinctive female genitalia compared to R. robustus (Rosa et al. 2012 (Rosa et al. , 2014 and R. marabaensis compared with R. prolixus y R. robustus (Souza et al. 2016) .
In our study, SEM was used as a tool to describe the external female genitalia of the six species in the genus Meccus. We demonstrated that it was possible to distinguish among species on the basis of morphological differences in the abdominal segments VII, VIII, IX, and X with any of the four analyzed views ( Figures  1, 2, 3 , 4, and 5). On the dorsal side, segment VIII presented marked morphological differences, despite having the rectangular form that was common in all Meccus species. It is possible to differentiate them by the presence or absence of an upward or downward inflection in the segment base. The other segments show less conspicuous differences. Also on the dorsal side, the suture between the conexive and segment VIII appears rounded or sharp depending on the species. With regards to frontal and lateral sides, there are clear morphological differences in the 8 th gonocoxite and also in segments IX and X. Finally, on the ventral side, the differences in shape of segment VII and again the 8 th gonocoxite are easily recognizable to discriminate among Meccus species on its ventral side. However, there are also diagnostic morphological differences in all analyzed images. Rosa et al. (2010 Rosa et al. ( , 2014 , emphasized the importance of these morphological characters for identifying species, including those grouped in taxonomic complexes of highly related species, as is the case for the species included in our study. It is also important to mention some similarities observed in the structures of female genitalia. On the dorsal side, M. pallidipennis, M. picturatus, and M. longipennis showed an upward inflection in segment VIII, a characteristic exclusive of these three species. On the frontal side, the segment X in M. pallidipennis and M. picturatus appears very similar, as is the case with the lateral side of the 8 th gonocoxite but with some difference in size. Meccus bassolsae has easily recognizable characters but is more related to the three previous species than to M. mazzottii, which presents exclusive morphological characteristics, even though its affinities with other Meccus species are straightforward.
The species included in the genus Meccus (M. mazzottii, M. longipennis, M. pallidipennis, M. phyllosomus, M. picturatus, and M. bassolsae) have had taxonomic challenges since their original descriptions. Hybridization experiments conducted under laboratory conditions suggest the existence of only one species with morphological and genetic variants. However, recent studies support the proposed six species as valid but indicate short genetic distances among them, suggesting an early divergence from a common ancestor as part of the speciation process in the genus (Martínez-Ibarra et al. 2008 , Martínez-Ibarra et al. 2009 , Martínez-Hernández et al. 2005 .
Female genitalia of these species we examined did not show intraspecific differences. This is in agreement with Rosa et al. (2014) who did not find intraspecific differences in 14 Rhodnius species. Morphological and morphometric analyses conducted with other structures, such as the scutellum, genital plates in nymphs, and egg ornamentation, have shown no polymorphism in several Meccus species. At the same time, these studies have provided discriminant characters to differentiate among species (Rodríguez-Sánchez et al. 2003 , Takashi et al. 2007 , Rivas et al. 2013 .
It is important to emphasize that all specimens belong to single populations. The study of morphological variation among populations, as reported by Costa et al. (1997) for the male genitalia in four populations of T. brasiliensis, requires further research. However, there are no reports of chromatic variation in Meccus species, as is the case for South American species. Our results showed similarities among the species under study as expected for closely related species, but there were also important differences allowing clear identification among the six Meccus species. This clearly showed that external female genitalia constitute a useful character for species diagnosis in this genus.
